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EXECUTI VE SUMVARY

BACKGROUND

Thi s study was undertaken by the U. S. Environnental
Protection Agency (EPA) and the U S. Departnent of Housing and
Ur ban Devel opnment (HUD) to collect information needed for the
devel opnent of federal guidance on testing paint for |lead. Prior
to this study, lead testing informati on was i nadequate as little
formal eval uati on had been done of the various field testing
met hodol ogi es.

The inpetus for this study cane fromthe passage of Title X
(Section 1017 of the Residential Lead-Based Paint Hazard
Reduction Act of 1992), which nmandated that the federal
government establish guidelines for |ead-based paint hazard
eval uation and reduction. This study was designed to produce the
type of detailed informati on EPA and HUD needed in order to
respond to that mandate, and focused on two field technol ogi es
that are used for testing for lead in paint: portable X-ray
fluorescence (XRF) instrunents and chem cal test kits. A pilot
study was conducted during March and April 1993 in Louisville,
Kentucky. The full study was conducted from July through October
1993 in Denver, Col orado and Phil adel phia, Pennsyl vani a.

This is a sunmary report of the study. For readers that are
interested in nore technical detail on the study, there is also a
conpr ehensi ve technical report available: A Field Test of Lead-
Based Pai nt Testing Technol ogi es: Technical Report (EPA 747-R-95-
002b). Both reports are available fromthe National Lead
I nfformati on Center C earinghouse (1-800-424-LEAD).

TECHNOLOG ES EVALUATED

This study evaluated XRF instrunments and chem cal test kits.
XRF instrunents nmeasure lead in paint by directing high energy X-
rays and gamma rays into the paint, causing the |lead atons in the
paint to emt X-rays which are detected by the instrunent and
converted to a neasurenent of the amount of lead in the paint.
Chem cal test kits detect the presence of lead in paint by a
chem cal reaction that occurs when chemcals in the kit are
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exposed to lead. This reaction causes a color change to occur if
lead is present in the paint.

Laboratory spectroscopi c anal ysis of paint sanples was
conducted to determne the actual levels of lead in the paint.
The | aboratory results were used as a benchmark for conparison to
the XRF and test kit results.

STUDY OBJECTI VES

The overall study goal was to collect infornmation about
field neasurenent mnethodol ogi es sufficient to allow EPA and HUD
to establish guidance and protocols for |ead hazard
identification and evaluation. |In order to achieve that goal,
the study had to be designed and conducted with sufficient rigor
and appropriate quality assurance.

To ensure adequacy of the resulting data, six specific study
obj ectives were developed: three prinmary and three secondary.
The results are presented in this report in tw ways: overal
conclusions and testing recommendations are nmade in |ight of the
overall study goal, and results are provided in terns of the
speci fic study objectives.

The three primary study objectives were: (1) to
characterize the performance (precision and accuracy) of portable
XRF instrunments under field conditions; (2) to evaluate the
effect on XRF performance of interference fromthe material (the
substrate) underlying the paint; and (3) to characterize the
rel ati onship between test kit results and the actual |ead |evel
in the paint (operating characteristic curves).

The three secondary study objectives were: (4) to
under stand XRF behavior in the field through the investigation of
XRF neasurenents that were very different than their
corresponding lab result; (5) to evaluate field quality
assurance and control nethods; and (6) to investigate the
variability of lead levels in the paint wthin the study sanpling
| ocati ons.

FI ELD TESTI NG




Three primary concerns of the field testing portion of the
study were consistency, real world conparability, and quality

control. Due to the differences anong the three neasurenment
met hods: XRF, test kits, and |l aboratory analysis, field testing
approaches necessarily varied sonewhat. |In order to ensure

consi stency, testing was standardi zed as nuch as possible. A
tenpl ate was designed for test |ocations throughout the study
housing units, and the different neasurenent nethods were
systematically assigned to consistent test |ocations within the
tenplate. This approach ensured results could be conpared across
different test |ocations and neasurenent nethods.

At each test l|location, chemcal test kits were tested first.
The individuals who did the field testing of the test kits were
selected to represent typical honmeowners who m ght purchase test
kits for their personal use. That is, they did not have any
specific scientific background nor prior training. To further
replicate “real world” use, the test kits were rotated anong the
testers during the study. One of the test kits was an exception
to this. It was a kit which is only used by state-certified
i nspectors. For that kit, a state-certified inspector was
brought in and that particular kit was not included in the kit
rotation. After each tester conpleted a test |ocation, the used
area of the tenplate was covered to prevent subsequent testers
from observing the results obtained by prior testers.

Once test kit testing was finished, paint sanples were
taken. Paint was renoved froma specified | ocation on the
tenpl ate and sent to a | aboratory for spectroscopic anal ysis.
A nodified NIOSH net hod 7082 was followed with all appropriate
quality control sanples including | aboratory and field
dupl i cates.

XRF testing was the final step in the field portion of the
study. It was conducted by trained and |icensed XRF instrunent
operators enpl oyed by independent testing conpanies. XRF testing
was carried out on the portions of the tenpl ates designated for
t hi s purpose. A nunber of quality control procedures were
enpl oyed, including the use of National Institute of Standards
and Technol ogy (NI ST) Standard Reference Material (SRM paint
films. The NIST SRMpaint filmis a thin |layer of paint wwth a
known | evel of |ead enclosed between two | ayers of plastic. A
portion of the tenplate was scraped bare of paint, revealing the
mat eri al underneath the paint, the substrate, which was either
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brick, concrete, drywall, netal, plaster or wood. The N ST SRM
paint filmwas placed on the bare substrate and a readi ng was
taken in order to determine if the substrate interfered with the
XRF reading. In addition, blocks of known substrate material s,
call ed control blocks, were utilized in the field. The NI ST SRM
paint filmwas placed on the appropriate bl ock and XRF readi ngs
taken in order to determne if control block substrates could be
surrogates for the substrates underlying the painted areas

t est ed.

STUDY RESULTS:

Laboratory Analysis Results

There were two key results of the | aboratory anal yses.
First, laboratory analysis results exhibited a w de range of | ead
levels with a distribution simlar to that reported in the 1990
HUD National Survey of Lead-Based Paint in Housing. Second, |ead
| evel s appear to vary significantly across the sane painted
surface.

Two federal thresholds have been established to define |ead-
based paint on painted architectural conmponents. If paint is
found to contain | ead equal to or greater than these threshol ds,
it is characterized as | ead-based paint. The federal threshold
inmlligrans |ead per unit area is 1.0 ng/cnf. The federal
threshold in percent lead by weight is 0.5% Approximately 20%
of the sanples analyzed in this study were equal to or greater
than the federal threshold of 1.0 ng/cnt, while 29% were equal to
or greater than the federal threshold of 0.5% I ead. A rough
numeri cal equival ence between results reported as mass of |ead
per unit area (ng/cnf) and as percent |ead by weight (% was
found in the study data. That is, 1.0 ng/cnf lead was found to
be roughly equivalent to 1% | ead by wei ght.

The variability of a set of test results is the extent to
which the results in the set differ fromone another. The
standard deviation is a statistical neasure of the extent that
actual test results tend to spread about an average value. The
typical relative standard deviation for |aboratory anal yti cal
measurenents in the study sanples was 13% Variability between
field duplicate sanples, taken nine inches apart at a subset of
test | ocations, was nmuch | arger, between 30% - 60% indicating
significant variability in |ead | evels across the sanme painted
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surface. The statistical analysis of the data took variability
in lead levels into account.

Chem cal Test Kit Results

The primary result of the test kit evaluation is that they
varied widely in their performance in classifying paint against
either the 1.0 ng/cnf or 0.5%threshold. No single kit achi eved
a lowrate of both false positive and fal se negative results and
their performance varied across substrates.

A fal se negative result occurs when the kit fails to detect
the presence of lead in paint equal to or greater than the
federal threshold, but in fact, the paint is shown by |aboratory
analysis to contain |lead equal to or greater than the threshol d.
Simlarly, a false positive result occurs when the kit detects
|l ead equal to or greater than the federal threshold, but
| aboratory anal ysis shows that the paint does not contain |ead
equal to or greater than the threshol d.

No kit in the study achieved |low rates of both false
positive and fal se negative results. Two out of six kits were
prone to fal se negative results. Negative test results obtained
wth these two kits do not necessarily indicate the absence of
| ead. The other four kits had a tendency to produce false
positive results, even at levels of |lead well below the federal
t hreshol ds.

Further, the performance of the test kits varied with
different types of substrates. Mst kits usually produced a
positive result on at |east one substrate, even for very |low | ead
| evel s. This suggests positive interferences with the chem cals
in the kits. On the other hand, sonme test kits denonstrated
negative interferences on sone substrates, as indicated by not
al ways giving a positive result for high levels of |ead.

XRF Results

The primary result of the XRF testing is that K-shel
instrunments were often effective in classifying paint sanples
agai nst the federal threshold of 1.0 ng/cnf, when using an
i nconcl usive classification range, |aboratory confirmation, and
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substrate correction, as needed. GCenerally, L-shell instrunents
had extrenely high fal se negative rates, nmaking themineffective
in classifying paint against the 1.0 ng/cnf threshol d.

In this study, neasurenent bias, or bias, is the tendency of
a set of test results to be either greater or |ess than the

| aboratory neasurenents of the |ead content of the paint. |If
test results tend to be greater than the | aboratory results, they
are said to exhibit positive bias. |If the test results tend to

be |l ess than the | aboratory results, they exhibit negative bias.
Results of tests using XRF instrunents showed both positive and
negati ve bias. Biases of the K-shell XRF instrunments were
strongly dependent on the underlying substrate. One K-shel

i nstrunment exhibited nmuch [ ess bias than the other XRF
instrunments. L-shell instrunents generally had | arge negative
bi ases at the 1.0 ng/cnt threshold that were usually independent
of the substrate.

Substrate correction, using NIST SRM readi ngs on either the
scraped substrates or the control blocks, did not reduce bias for
L-shell instruments. For K-shell instrunments, results were
m xed. Control block correction reduced bias for two instrunents
on sone substrates. Correction using NI ST SRM readi ngs on the
scraped substrate was effective for two instrunents on nost
substrates, and for another instrunent on sonme substrates.

The variability of the results fromeach XRF instrunment was
estimated by cal cul ating a standard deviation. The results of

nost K-shell instrunments exhibited high variability at the
federal threshold of 1.0 ng/cntf. The variability in the results
fromthe L-shell instrunments was significantly |ower than that of
K-shell instrunents.

Despite their generally high variability and bias, K-shel
instrunents were often effective in classifying the paint sanples
in this study against the federal threshold of 1.0 ng/cnf when
usi ng an inconclusive classification range of 0.4 to 1.6 ng/cn?
wi th mandatory | aboratory confirmation. Wthout using an
i nconcl usi ve range and | aboratory confirmation, only two of the
K-shell instrunments had both fal se positive and fal se negative
rates bel ow 10%

CGenerally, L-shell instrunents had extrenely high fal se
negative rates. One L-shell instrument had noderate to high
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fal se negative rates, depending on the wdth of the inconclusive
range, but still gave |ow readi ngs on sone sanples with high
| evel s of |ead.

OVERALL RECOMVENDATI ONS FOR TESTI NG

XRF | nstrunent Concl usi ons

The primary XRF conclusion is that testing by K-shell XRF
instrunments, with |aboratory confirmati on of inconclusive XRF
results, and with substrate correction in cases where this is
effective in reducing bias, is a viable way to test for |ead-
based paint. This approach can produce satisfactory results for
classifying the paint on architectural conponents using the
federal threshold of 1.0 ng/cnf.

Further, the variability found in paint sanples |ocated
approxi mately nine inches apart supports the conclusion that the
nost effective nmethod of XRF testing of a single architectural
conponent, such as a wndow sill, wall, or door, is to obtain
readings at different points on the conponent, and conpute their
average. This would replace the current practice which is to
average a nunber of XRF readings taken at a single point.

Chenmi cal Test Kit Concl usions

The conclusion of this study is that test kits should not be
used for |ead paint testing. Test kits cannot determ ne the
extent of |ead-based paint in a hone and the need for protecting
the occupants, especially when repairs or renovations are carried
out. Honeowners and renters cannot be confident that test kits
w Il discrimnate accurately between | ead-based pai nt and non-
| ead based paint. They should not nmake deci sions on repairs,
renovati ons or abatenents based on test kit results.
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1 DESCRI PTI ON OF THE STUDY

1.1 BACKGROUND

Lead- based paint (LBP) in ol der housing, especially |ead-
based paint in poor condition, is recognized as a nmmjor cause,
both direct and indirect, of elevated blood |lead levels in
children between 1 and 6 years old. Exposure to |lead in paint
can cone fromthe paint chips thensel ves, from dust caused by
abrasion of paint on friction surfaces, or from chal ki ng of
exterior paint. The Lead-Based Paint Poi soning Prevention Act of
1971, as anended by the Housing and Community Devel opnent Act of
1987, established 1.0 ng/cnt as the federal threshold requiring
abat enent of | ead-based paint in public and |Indian housing
devel opnments nationwi de. To inplenent this |egislation, Congress
required the U S. Departnent of Housing and Urban Devel opnent
(HUD) to conplete testing for | ead-based paint in all public and
| ndi an housi ng by Decenber, 1994. |In response to this
requi renent, HUD, with substantial input fromthe Environnental
Protection Agency (EPA), published interimguidelines for testing
and abatement of LBP in public and Indian housing in April, 1990.
At the tinme the HUD Guidelines were published, the research
conducted to evaluate the performance of X-ray fluorescence (XRF)
instrunments and chem cal test kits in detecting LBP at or above
the federal threshold was |limted. The recomended approach was
to perform XRF testing, wth [ aboratory confirmation of
i nconclusive results. The Cuidelines recommended that test kits
shoul d not be used as a primary testing nethod. Federal gui dance
docunents avail able fromthe National Lead Information Center
Cl eari nghouse al so did not reconmmend the use of test kits by
homeowners or renters

The Residential Lead-Based Paint Hazard Reduction Act of
1992 ("Title X') mandated the eval uati on and reduction of
| ead- based paint hazards in the nation's existing housing. Title
X al so established 0.5% | ead as an alternative to the 1.0 ny/cn?
threshold. Section 1017 of Title X required HUD to devel op
gui delines for federally-supported |ead-based paint hazard
eval uation and reduction activities. HUDis conplying with this
requi renent by preparing a nmgjor revision and expansion of the
1990 Cuidelines. To support the testing and inspection portion
of the revised Guidelines, EPA and HUD funded this field study of
technol ogi es used to detect and neasure lead in paint. It is the



first conprehensive evaluation of XRF instrunents and test kits
under field conditions.

This report is a summary of the study procedures and

provi des results, conclusions and recommendati ons for testing for
| ead- based paint. Study conclusions and testing recommendati ons,
and a summary of study results are in chapter 2. Chapter 3
contains detailed study results. Further information on al
aspects of the study can be found in the detailed report entitled
A Field Test of Lead-Based Paint Testing Technol ogi es: Techni cal
Report (EPA 747-R-95-002b).

1.2 STUDY OBJECTI VES

The overall study goal was to collect infornmation about
field neasurenent nethodol ogi es sufficient to allow EPA and HUD
to establish guidance and protocols for |ead hazard
identification and evaluation. |In order to achieve that goal,
the study had to be designed and conducted with sufficient rigor
and appropriate quality assurance.

To ensure adequacy of the resulting data, six specific study
obj ectives were developed: three prinmary and three secondary.
The results are presented in this report in tw ways: overal
conclusions and testing recommendations are nmade in |ight of the
overall study goal, and results are provided in terns of the
speci fic study objectives.

The three primary study objectives were: (1) to
characterize the performance (precision and accuracy) of portable
XRF instrunments under field conditions; (2) to evaluate the
effect on XRF performance of interference fromthe material (the
substrate) underlying the paint; and (3) to characterize the
rel ati onship between test kit results and the actual |ead |evel
in the paint (operating characteristic curves).

The three secondary study objectives were: (4) to
under stand XRF behavior in the field through the investigation of
XRF neasurenents that were very different than their
corresponding lab result; (5) to evaluate field quality
assurance and control nethods; and (6) to investigate the
variability of lead levels in the paint wthin the study sanpling
| ocati ons.




This study differs from previous studi es conducted to
measure |l ead in paint because the study included a | arger nunber
of sanples and nore diverse testing | ocations, and was desi gned
so that test results obtained at different |ocations could be
conpared. Paint froma total of 1,290 locations in 22 housing
units in three cities was tested. The tested |ocations were free
fromidentifiable biases and represent a variety of paint types,
substrates, architectural designs, and lead levels in paint. The
study was designed to evaluate field testing technol ogies used to
identify | ead-based paint that were commercially avail able or
were working prototypes as of June, 1993. These technol ogies
i ncluded six types of XRF instrunents and six chem cal test kits.
Spectroscopi c | aboratory analysis was used to verify results
obt ai ned by the XRF instrunents and chem cal test kits.

1.3 APPROACH

The study began in March 1993 in Louisville, Kentucky, wth
a pilot conducted at a vacant public housing devel opnent built in
1937. Testing was conducted at 100 |ocations in 4 units in 2
buil dings. The pilot had several objectives. First, it was
inportant to determne the feasibility of collecting | arge
nunbers of paint sanples in the field while ensuring the quality
of the sanples, and to develop and test a systemfor |abelling
and tracking the sanples. Renoval of paint wwth a heat gun and
pai nt scraper proved to be a successful technique. A barcode
systemthat |abelled and tracked sanpl es was devel oped and
tested. A working systemfor selecting and marking test
| ocati ons was devel oped. The field practicality of the test kits
for large testing prograns was eval uated. Procedures for
nmonitoring XRF testing and recordi ng of data were devel oped.
Field testing sequences to mnimze the potential for variability
in XRF results caused by frequent substrate changes were used.
Time estimates for all aspects of sanple collection and testing
were made. The schedule and logistics for the full study were
based on these tine estimates. A database structure was
devel oped for storing and retrieving study data.

The full study was conducted in two cities, Denver in July
and August 1993 and Phil adel phia in Septenber and Cctober 1993.
Denver and Phil adel phia were specifically chosen because housing
was avail able that net study criteria and because the public
housi ng authorities in those cities were willing to work cl osely
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with EPA and its contractors. The study tested units from both
multifam |y housing, where units tend to be quite simlar to each
other, and fromsingle-famly hones. A total of 10 scattered-
site single-famly honmes were tested in Denver; eight were built
bet ween 1943 and 1952, while two were ol der, dating from 1890 and
1905. I n Philadel phia, eight units in two buildings in a single
multifam |y devel opnent built in 1942 were tested. |[|ncluding
those in the pilot study, a total of 1,290 individual test

| ocations on 6 substrate types in the 22 housing units were
tested. There were 100 test locations in Louisville, 750 in
Denver and 440 in Phil adel phia. The breakdown of testing

| ocati ons by substrate was: 93 brick, 226 concrete, 124 drywall,
217 metal, 242 plaster, and 388 wood substrates.

1.4 TECHNOLOG ES

Chem cal test kits detect the presence of lead in paint by a
chem cal reaction that occurs when chemcals in the kit are
exposed to lead. This reaction causes a color change to occur if
lead is present in the paint. The test kits in the study
represented the range of kits available at the tinme the study was
conducted. Test kits fromfive different manufacturers were
examned in this study: three rhodizonate based kits, two sodi um
sul fide based kits, and one proprietary kit. Both of the nost
common types of chem cal test kits, rhodi zonate based kits and
sodi um sul fi de based kits, were used in the pilot study. The
rhodi zonate kits included were LeadCheck (also called LeadCheck
1) and the sanding and coring versions of Lead Alert; the sodium
sulfide kits were Lead Detective and the Massachusetts state-
approved kit. The pilot study also included the Lead Zone kit,
which utilizes proprietary chemstry. It was expected that the
results of the pilot study would be simlar for kits based on
simlar chemstry, that is, rhodizonate or sodiumsulfide, so
that fewer kits would need to be included in the full study.
However, the test results were not simlar for kits utilizing
simlar chemstry, so the sane six kits were included in the ful
st udy.

Portabl e XRF instrunments direct high energy X-rays and ganma
rays into paint. These high-energy rays strike | ead atons,
causing electrons to be ejected fromtheir electron orbits, or
shells. In a process called fluorescence, other electrons refil
the voids left by the ejected el ectrons, producing X-rays. These
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X-rays have specific frequencies based on differences in energy
bet ween the el ectron shells which contained the emtted el ectrons
and the electron shells which received the electrons. The anount
of X-ray energy emtted at several specific frequencies, in this
case called K-shell or L-shell X-ray energy, is nmeasured by
detectors on XRF instrunents and used to cal cul ate the anmount of

| ead in paint.

XRF instrunments are classified by the type of X-ray energy
that they detect, K-shell X-rays, L-shell X-rays, or both.
K-shell X-rays are nore highly penetrating than L-shell X-rays
since L-shell X-rays have | ower energy. For this reason, K-shel
X-rays are nore useful for detecting |ead in deeper |ayers of
paint. Two of the XRF instrunments in this study detected K-shel
X-rays, two XRF instrunents detected L-shell X-rays, and two
instrunments detected both K-shell and L-shell X-rays.

Efforts were made to include a representative exanpl e of
every XRF instrunent available at the tine of the study. Six
types of XRF instrunments were in the study. The MAP-3, the
Mcrolead I, and the XK-3 were included because they were the
nmost commonly used instrunents for LBP testing when the study
began. The X- MET 880 was i ncl uded because it perforned
successfully in the pilot study. After conpletion of the pil ot
study, all other known manufacturers of XRF instrunments or
wor ki ng prototypes were invited to participate in a day of
ruggedness testing to determ ne whether the instrunments were
portable and could function reliably throughout a full day of
field testing. As a result, two additional instrunents, the Lead
Anal yzer and a prototype of the XL, were included in the ful
study. Since the conclusion of the field portion of the study,
new XRF instrunents and nodi fied versions of sone tested
i nstrunents have becone commercially avail abl e.

The third type of technology in the study was | aboratory
anal ysis which was used to verify results obtained by the two
field technol ogies: chemcal test kits and XRF instrunents. For
this study, the laboratory instrunment used was an atom c em ssion
spectrophotoneter. The | aboratory procedure invol ved dissol ving
paint sanples in acid, then filtering and diluting them A
portion of the dissolved sanple was placed in the
spect rophot oneter and heated to extrenely high tenperatures by a
device inside the spectrophotoneter called a high tenperature
atom zer. At very high tenperatures, nost of the sanple is



broken down into individual atons. |ndividual atons absorb and
re-emt energy produced by the atomzer. Atons of different
chem cal elenents re-emt energy at different energy levels. A
detector in the spectrophotoneter sorts and neasures the energy
re-emitted by the atons of different chemcal elenments. In this
way, the anmount of energy re-emtted by |ead atons is neasured
and then used to calculate the anount of lead in the sanple. The
particul ar type of spectrophotoneter used in this study was an

i nductively coupled plasna atom c em ssi on spectrophot onet er
(ICP). The analytical |aboratory results were continually

eval uated by using reference materials to assure the accuracy of
the | aboratory analysis of field sanples.

Chem cal test kit results were reported as either negative
or positive indicating the absence of |ead or presence of |ead,
respectively. XRF instrunents and | aboratory analysis results
were reported as quantitative neasures of lead. XRF instrunents
report their results as mass of |lead per unit area (ng/cnt).
Laboratory analysis results were reported both as nmass of |ead
per unit area (ngy/cnf) and percent |ead by weight (%.

1.5 FIELD TESTI NG

Tenpl ates were designed for nmarking test locations in the
study housing units so that results could be conpared for
different test technol ogies and | ocations. The nost commonly
used tenplate, shown in Figure 1, was a rectangle 14 inches |ong
and 4 inches wde. For certain |ocations such as door franes, a
thin version of the tenplate, 2 inches by 14 inches, was needed.
On the left of the nbst comonly used tenplate was a square 4 x 4
inches; in the center, a second 4 x 4 inch square was divi ded
into four 2 x 2 inch subsquares; the remaining 6 x 4 inch
rectangle on the right of the tenplate was divided into six
vertical strips each 1 x 4 inches. One of the 2 x 2 inch
subsquares was randomy selected as the | ocation for paint
sanpling for |aboratory analysis. At 10% of |ocations in the
full study, a duplicate paint sanple was taken adjacent to the
right end of the tenplate for use in assessing variability in the
paint lead levels. Follow ng paint sanpling, the remai nder of
the center 4 x 4 inch square was scraped to renove all remaining
paint. It was then used for taking XRF neasurenents on bare
substrates both with and wi thout the standard reference materi al
paint filnms (SRM 2579) devel oped by the National Institute of
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St andards and Technology (NIST). The NIST SRM paint filmis a
thin layer of paint with a known | evel of |ead encl osed between
two | ayers of plastic. The 4 x 4 inch square on the |left of the
tenpl ate was used for XRF neasurenents on paint. The six 1 x 4
inch strips were randomy assigned as testing |locations for the
six chemcal test kits. Each of the testing |locations in the
study was sel ected and marked by the field statisticians using
the tenplate and an indelible ink marker. Each test |ocation was
nunbered for identification and sanpl e tracking.

The first step in the full study was to test the six
chem cal test kits. Testers for five of the six test kits were
i ndi viduals without any special scientific background or prior
training. They were selected to represent typical honmeowners who
m ght purchase kits for their personal use. The testers were
trained by field supervisors to ensure that study protocols were
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Figure 1. Full study tenplate.

followed. The training did not provide the testers with

know edge about test kit operation beyond the information
contained in the manufacturer's instructions. These five kits
were rotated anong the testers during the study. The sixth kit,
tested by a state-certified inspector, was not part of the kit
rotation. After each tester had conpleted the testing at a

| ocation, the strip of the test |ocation where the col or change
coul d be observed was taped over to prevent subsequent testers
fromknow ng the result of the test.

After test kit testing was conpl eted, paint chip sanples
were taken and sent to the | aboratory for | CP spectroscopic
anal ysis. Paint sanples were honogeni zed by grinding to a
powder, and, if necessary, subsanpled prior to analysis.
Subsanpl i ng was necessary because the total mass of nany sanpl es
was too large for a single | aboratory anal ysis.

The third and final step in the field study was XRF testing.
It was conducted by trained and |icensed XRF instrunment operators
enpl oyed by i ndependent testing conpanies. Wthin each unit,
test | ocations fromeach substrate type were tested as a group.
For exanple, all locations on netal substrates were tested, then
all locations on wood substrates were tested, etc. This was done
to mnimze the potential for XRF variability caused by repeated
substrate changes. However, the order of substrates tested
within a unit was varied. Quality control checks were al so
performed on six control blocks, each conposed of a different
substrate, conbined with the NIST SRM paint filnms. To ensure
that the testing protocol was foll owed exactly, and to ensure



accurate recording of data, during testing each XRF instrunent
operator was observed by a full-tinme nonitor who recorded the
results and reported to a field supervisor.

1.6 PEER REVI EW

The technical report on this study was revi ewed
i ndependently by nenbers of a peer review panel. Coments which
are inportant for interpreting the study results or which had an
i nportant inpact on the report are di scussed bel ow.

A comment from a nunber of reviewers related to the
representativeness of the study paint sanples and the fact that
the sanpl e was not selected randomy fromthe national housing
stock. Although the sanple was not randomy sel ected, the sanple
did include different substrate materials, housing conponents,
pai nt thicknesses, and |l ead |levels. The housing in the study
i ncluded both single-famly homes and nmultifamly housing. The
distribution of lead levels in the study is simlar to the
distribution in the HUD National Survey of pre-1980 housing.

A comrent fromthe reviewers related to the training
recei ved by the individuals who, as representative honeowners or
renters, applied the test kits. There were concerns that it
woul d have been nore appropriate to have no training to better
si mul ate what a honeowner or renter would encounter. However,
the training did not give the individuals in the study any nore
i nformati on beyond what coul d have been obtained froma careful
reading of the kit instructions. The kits were rotated anong the
testers to reduce the chance of an individual becom ng an expert
with a single kit. Nevertheless, it is probably fair to say that
the training, the availability of on-site supervisors, and the
| arge nunber of tests performed by the individual testers
provi ded conditions that exceeded what would be typical for a
homeowner or renter who purchased a test kit.

A conmment was made concerning the inpact of spatial
variation and | aboratory nmeasurenent error on the fal se positive
and fal se negative rates calculated fromthe study data. A
simul ati on study was conducted to address this coment and the
results included in the final technical report. The sinulation
study denonstrated that the false positive and fal se negative
rates were robust, and therefore accurately portrayed performance
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of the technologies in the study. Another reviewer coment on
the statistical analysis of paint sanples with | ead bel ow
detection levels led to an i nprovenent in the approach for
estimati ng nodel paraneters.

A nunber of reviewers comented on the |length of the
technical report. 1In response to those coments, a summary
report was devel oped fromthe technical report to nmake the
information in the technical report accessible to a w der
audi ence.

EPA has established a public record for the peer review
under adm nistrative record 142. The record is available in the
TSCA Nonconfidential Information Center, which is open from noon
to 4 PM Monday through Friday, except |egal holidays. The TSCA
Nonconfidential Information Center is |located in Room NE-B607,
Nort heast Mall, 401 M Street SW Washi ngton, D.C.
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2 STUDY CONCLUSI ONS, TESTI NG RECOMMVENDATI ONS,
AND SUMVARY OF STUDY RESULTS

This section provides concl usions and recomrendati ons for
testing as well as a sunmary of results fromthe study. The
section is divided into two subsections. Section 2.1 contains
concl usi ons and recommendations for testing for |ead-based paint
and section 2.2 contains a summary of results organized by study
obj ectives. The conclusions, recommendations, and results are
based on the sanples and data collected in this study, and are
specific to the | aboratory anal ysis nethod, chem cal test kits,
and XRF instrunents used.

2.1 CONCLUSI ONS AND RECOMVENDATI ONS FOR TESTI NG

2.1.1 XRF | nstrunent Concl usi ons

The primary XRF conclusion is that testing using K-shell XRF
instrunments, with |aboratory confirmati on of inconclusive XRF
results, and with substrate correction in cases where this is
effective in reducing bias, is a viable way to test for |ead-
based paint. This approach can be expected to produce
satisfactory results for classifying the paint on architectural
conponents as either above or below the federal threshold of 1.0
ny/ cnf.

Currently, a common practice is to average a nunber of
readi ngs taken at a single point on an architectural conponent.
The study denonstrated that the nost effective nethod of XRF
testing is to obtain readings at different points on the
conponent and conpute their average. This recomendation is
supported by the variability found in paint sanples |ocated
approxi mately nine inches apart, and evidence that a single XRF
readi ng at one point provided al nost as nmuch information as an
average of three XRF readings at the sane point.

2.1.2 Cheni cal Test Kit Concl usions

The conclusion of this study is that test kits should not be
used for lead paint testing. Test kits cannot determ ne the
extent of |ead-based paint in a hone and the need for protecting
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the occupants, especially when repairs or renovations are carried
out. Honeowners and renters cannot be confident that test kits
W Il discrimnate accurately between | ead-based paint and non-

| ead based paint. They should not nmake decisions on repairs,
renovations or abatenents based on test kit results.

2.2 RESULTS FOR STUDY OBJECTI VES

2.2.1 Preci sion and Accuracy of XRF |Instrunents

The first primary objective of this study was to
characterize the precision and accuracy of XRF instrunents on
common substrates under field conditions. The results of the
study showed that nost K-shell instrunments exhibited relatively
high variability and a high degree of bias at |ead | evels close
to the federal threshold of 1.0 ng/cnf. Neverthel ess, K-shel
XRF instrunments reliably classified the paint sanples in this
study vis-a-vis the federal threshold of 1.0 ng/cnt, provided a
sui tabl e i nconcl usi ve range and substrate correction (where
appropriate) were used.

Test results using L-shell instrunments generally exhibited
| arge negative biases which increased with the lead level in the
paint. Bias for L-shell instrunents was usually substantial at
1.0 ng/cnt lead. L-shell instrunents were | ess variable than K-
shell instrunments. As a consequence of the |arge negative
bi ases, L-shell instrunments exhibited a high rate of false

negative results when classifying paint using the 1.0 ng/cn?

t hreshol d. When an inconcl usive range was added, L-shel
instrunments, with one exception, still had high rates of false
negati ves. The one exception exhibited reductions in the rate of
fal se negatives as the inconcl usive range was | engt hened.

2.2.2 Substrate I nterference

The second primary objective of the study was to eval uate
the effect on the performance of XRF instrunents of interference
or bias attributable to the underlying substrate and, hence, to
evaluate the utility of different approaches for adjusting XRF
readings for this bias. The results of the study showed t hat
bi ases of nobst K-shell instrunents were strongly substrate
dependent. Test results using L-shell instrunents generally
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exhi bited | arge negative biases at the 1.0 ng/cn? threshol d that
were usual ly i ndependent of the substrate.

Substrate correction obtained using readi ngs on NI ST SRM
paint filnms placed on test |ocation areas scraped bare of paint
reduced bias for two of the K-shell instrunents, and for a third
on netal and wood substrates. The already |low bias of the fourth
K-shell instrunment's results was unchanged. Substrate correction
using NIST SRM paint filns over control blocks was effective in
reduci ng bias for one K-shell instrunent, and sonewhat effective
for a second on plaster, concrete and netal. No nethod of
substrate correction reduced the bias of L-shell readings.

2.2.3 Large XRF Errors

A secondary objective of the study was to investigate |arge
errors in the XRF neasurenents, i.e., neasurenents that were very
different than their corresponding lab results. The results of
the study showed that the incidence of large XRF errors was very
low (0.6% . Moreover, many of the large errors occurred for
several instrunents at the sane test |ocation. This suggests a
common cause other than nmere erratic behavior on the part on any
single XRF instrunent.

2.2.4 Field Quality Assurance and Quality Control Methods

Anot her secondary objective of the study was to eval uate
field quality assurance and quality control nethods. The study
results showed that N ST SRM readi ngs on control bl ocks were
unabl e to predict XRF instrunment performance on painted
conponents in nost cases. |In particular, the study results
showed that erratic behavior in XRF readings taken on control
bl ocks was not necessarily predictive of simlarly erratic
behavi or on actual paint sanples. Finally, with the exception of
two K-shell instrunments used on sone substrates, substrate
correction using readings on NIST SRM paint filns placed on
control bl ocks of substrate materials brought to the site was not
effective in reducing biases of readings attributable to
substrate interference.
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2.2.5 Operating Characteristic Curves for Test Kits

The third primary objective of the study was to estimate the
operating characteristic curve for each test kit under field
conditions. The results of the study showed that the probability
of a positive classification when the sanple's |ead | evel was
equal to the federal thresholds varied depending on the kit and
substrate and that high levels of |ead would not always be
detected by sone test kits. Furthernore, there were nunerous
cases of positive test results at |lead | evels well belowthe
federal thresholds. None of the test kits used in this study
denonstrated | ow rates of both false positive and fal se negative
results when conpared to | aboratory anal ytical results using the
federal thresholds, 1.0 ng/cnt and 0.5%

2.2.6 Variability of Lead Levels in Paint

The third secondary objective of the study was to
investigate the variability of |ead |levels in paint using
| aboratory neasurenents of field duplicate sanples. The study
results showed that the typical relative standard deviation for
| aboratory anal ytical neasurenents in the study sanples was 13%
Variability between field duplicate sanples was nuch | arger,
bet ween 30% - 60% at one standard devi ation, indicating
significant variability in |ead | evel s between paint sanples
approximately 9 inches apart. This variability in lead |evels
within single architectural conponents, called spatial
variability, was the primary cause of variability in the paint
sanpl es.
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Tabl e

3 DETAILED STUDY RESULTS

This section contains details of the study results.

LEAD LEVELS IN THE STUDY SAMPLES

O the 1,290 paint sanples collected and anal yzed in the

| aboratory in this study, approximately 20% contai ned | ead
at a level equal to or greater than 1.0 ng/cnf, one of the
federal thresholds for defining LBP on painted surfaces.
Approxi mately 29% of the sanples contained | ead equal to or
greater than 0.5% by wei ght, the other federal threshold for
LBP on painted surfaces.

Lead levels in the sanples were reported by the | aboratory
as mass per unit area (ng/cnt | ead) and percent |ead by
weight (% . Table 1 presents a cross-tabulation of |ead

| evel s expressed in ng/cnf and percent |ead by weight. The
arithmetic nmean |l ead level in the study sanples was 1.17

ng/ cnt (1.12% . The nedian | ead | evel of the study sanples
was 0.20 ng/cnt (0.20% . The 25th and 75th percentiles were
0.03 ng/cnf (0.05% and 0.62 ng/cnt (0.72% . The m ni num
and maxi num val ues were 0.0001 ng/cn? (0.0004% and 37.29
ny/ cnt (34.56%) .

1. Cross- Tabul ati on of Paint Sanple Lead Levels in ng/cn? Lead and
Percent Lead by Wi ght.
Per cent ng/ cn? Lead
Lead
by Wi ght < 0.5 0.5- 1.0 > 1.0 Total s
< 0.5 874 42 2 918
0.5 - 1.0 36 44 14 94
> 1.0 16 25 237 278
Total s 926 111 253 1,290

For the paint sanples, lead |levels expressed in ng/cnf and

| ead | evel s expressed in percent |ead by weight were roughly
equi val ent, as shown by the distribution in Table 1. A

l evel of 1.0 ng/cnf was roughly equivalent to 1.0% by wei ght
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3.

2

and a |l evel of 0.5% by weight was roughly equivalent to 0.5
ng/ cnt.

The overall average ratio between the two types of
measurenent units for the 1,290 primary paint sanples

anal yzed in the |aboratory was 1.00. In 80% of the sanples,
the ratio was between 0.25 and 2.34. A regression plot of
results expressed in percent |ead by weight (% versus mass
of lead per unit area (ng/cnf) using a logarithnic scale
showed good agreenent between the two types of neasurenent
units (RP = 0.91), with the follow ng rel ationshi p:

PERCENT LEAD = 0.96 x (AREA LEAD)°®, where
PERCENT LEAD = percent |ead by weight (% and
AREA LEAD = mass of |lead per unit area (ng/cnft).
This rel ationshi p suggests that 0.5% 1l ead is roughly
equi valent to 0.5 ng/cnt lead, while 1.0 ng/cnt lead is
roughly equivalent to 1.0% | ead. This denonstrates that the

threshold of 1.0 ng/cnt lead is typically |less stringent
than 0.5% | ead.

XRF | NSTRUVENTS

Most K-shell instruments exhibited relatively high
variability, even for paint with low |levels of lead. The
anopunt of variability was sonetines related to the | evel of
| ead in the sanple.

Tabl e 2 shows estimated standard devi ati ons for each
substrate for results using the K-shell XRF instrunents at
lead levels of 0.0 ng/cnt and 1.0 ng/cnt, for a single
15-second (nom nal) reading taken on the painted surface of
each test location. For XRF instrunent results that showed
significant variation between instrunents and/or cities in
the study, a range of values for the standard deviation is
al so presented. |In these cases, the single value in the
tabl e represents the single instrunent, or a group of
simlar instrunents, with the | argest nunber of readings
taken. These estimated standard deviations take into
account several sources of variability in addition to
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instrunental variation. These include site-specific factors
such as the substrate conposition and the age and thickness
of the paint. The MAP-3, Mcrolead I, and XK-3 results
exhibited simlar high levels of variability. The Lead

Anal yzer's results were significantly |ess variable than the
other three. GCenerally, the instrunents' results showed

17



Tabl e 2. Estimated Standard Deviation at 0.0 ng/cn?f and 1.0 ng/cnt Lead for
One Nominal 15-Second Paint Reading for K-Shell XRF Instruments,
by Substrate.

LEAD MAP- 3 M CROLEAD | XK- 3
ANALYZER K- SHELL
SUBSTRATE K- SHELL

0.0 1.0 0.0 1.0 0.0 1.0 0.0 1.0
ng/ cnt | ng/cn? ng/ cn? ng/ cn? ng/ cn? ng/ cn? ng/ cn? ng/ cn?

Brick 0.17 | 0.23 0.93 0.93 0. 59 0.55 0. 60 0. 60
Concrete | 0.11 | 0.37 0.90 1.00 0.61 0.72 0. 64 0. 64

(0.48-1.24) | (0.48-1.31) | (0.51-0.85) | (0.51-0.85)

Drywal | 0. 08 0. 35 0. 38 0. 38 0.34 0.34 0. 36 0.56
(0.34-0.53) |(0.34-0.53) | (0.21-0.36) | (0.55-0.56)

Met al 0. 18 0.41 0. 37 0.55 0.62 0. 68 0.52 1.06
(0.37-0.81) |(0.55-0.81) |(0.34-0.70) | (0.49-1.63)

Pl ast er 0.14 0.24 0.81 0. 87 0.55 0.64 0.55 0. 63
(0.37-1.01) |(0.46-1.01) |(0.40-0.55) | (0.40-0.81)

Wood 0. 08 0. 43 0. 49 0.67 0.62 0.92 0. 49 0. 69
(0.50-1.06) |(0.55-1.06) |(0.25-0.51) | (0.44-1. 15)

Ranges presented for XRFs denpnstrating significant variability between different instrunents.

hi gher variability at 1.0 ng/cnf |l ead than at 0.0 ny/cnf.
The difference in variability at the two | evel s was great est
for the Lead Analyzer's results and least for the MAP-3's
results. Variability of control block quality control test
results was significantly Iower than results for field test
| ocations. Table 3 is the conpanion to Table 2 for control
bl ock test results. The standard deviation at 0.0 ng/cnt
was estimated using XRF test results on the bare control

bl ocks. The standard deviation at 1.0 ng/cnf was esti mated
using XRF test results fromcontrol bl ocks covered with the
NI ST SRM 2579 paint filmthat has a |lead [evel of 1.02
ng/cnf. As in Table 2, the Lead Analyzer's results were

| ess variable than the results of the other three
instrunments. For tests on control blocks, the Lead

Anal yzer's results were nore variable at 1.0 ng/cnf than at
0.0 ny/cnf. However, the other three instrunents' results
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showed simlar variability on the control blocks at the two
levels, 0.0 and 1.0 ng/ cnf.
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Tabl e 3. Estimated Standard Deviation at 0.0 ng/cn?f and 1.0 ng/cnt Lead for

One Nomi nal 15-Second Readi ng on Control Blocks for K-Shell XRF
I nstrunents, by Substrate.

SUBSTRATE K- SHELL

LEAD MAP- 3 M CROLEAD | XK- 3
ANALYZER K- SHELL

0.0 1.0 0.0 1.0 0.0 1.0 0.0 1.0
ng/ cnt | ng/cn? ng/ cn? ng/ cn? ng/ cn? ng/ cn? ng/ cn? ng/ cn?
Brick 0.11] 0.24 0.72 0.61 0. 48 0. 40 0. 33 0.41

(0.28-0.76) | (0.26-0.61)

Concrete | 0.11 | 0.24 0. 64 0. 67 0.38 0. 50 0.41 0. 50

(0.31-0.51) | (0.41-0.68)

Drywal | 0.07 | 0.19 0.28 0.34 0.29 0.29 0.32 0. 45

(0.21-0. 42) | (0. 25-0. 44)

Met al 0.15| 0.22 0.21 0.25 0.27 0. 36 0.38 0. 47

(0.22-2.39) |(0.21-2. 19)

Plaster [ 0.09 | 0.20 0. 69 0.57 0.49 0. 47 0. 50 0.70

(0.33-0.66) |(0.30-0.69)

Wod 0.03| 0.18 0.24 0.24 0. 26 0.33 0. 39 0.43

(0.24-2.08) | (0.23-2. 25)

Ranges presented for XRFs denpnstrating significant variability between different instrunents.

2. Bi ases of nost K-shell instrunments were strongly
substrat e dependent.

Bias of an XRF instrunent is defined as the average

di fference between XRF readings and the true lead level in
the paint. Table 4 shows biases of the K-shell XRF
instrunments on the field sanples. The results of the Lead
Anal yzer exhibited | ow bias on all substrates. The MAP-3's
results showed negative bias on brick, concrete, and

pl aster; positive bias on netal; and | ow bias on wood and
drywal | with the exception of wood at 1.0 ng/cnf. The
Mcrolead I's results were nostly positively biased, but
with large differences between individual instrunents. The
XK-3"s results showed | arge positive biases except on wood
and drywal |, and al so exhi bited substantial variation

bet ween i ndividual instrunents. Table 5 shows biases for
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the K-shell instrunments' results, estimted using control
bl ock readings. For the Lead Anal yzer, control block biases
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Tabl e 4. Bias at 0.0 ng/cn?f and 1.0 ng/cnt Lead for One Noninal 15-Second
Readi ng for K-Shell XRF Instrunments, by Substrate.

LEAD MAP- 3 M CROLEAD | XK- 3
ANALYZER K- SHELL
SUBSTRATE K- SHELL

0.0 1.0 0.0 1.0 0.0 1.0 0.0 1.0
ng/cnf | ng/cnt | ng/cn? | ng/cnt ng/ cn? ng/ cn? ng/ cn? ng/ cn?
Brick 0.08]-0.21]|-0.60|-0.80 0.10 -0.33 0. 86 0. 88
Concrete | 0.02|-0.01]-0.661]-0.45 0. 28 0. 38 1.08 1.75

(-0.03-0.89) | (0.01-1.23) | (0.66-1.84) | (0.23-2.57)

Drywal | [-0.02] 0.18| 0.01|-0.12 0.02 0. 22 -0.33 -0.09
(0.00-0.66) | (0.16-1.79) |(-0.33-0.25) | (-0.09-0.18)

Met al 0.06] 0.02| 0.33| 0.42 0. 35 0. 45 0. 45 0. 86
(-0.42-1.08) |(-0.17-1.36) | (0.26-1.48) | (0.81-1.69)

Pl ast er 0.03]-0.11]-0.68|-0.55 0.01 0. 06 0.54 0.57
(-0.09-0.22) |(-0.32-0.18) | (0.38-1.68) | (0.18-1.63)

Wood 0.01] 0.28]|-0.05| 0.36 0.00 0. 43 -0. 07 0. 35
(0.00-0.60) | (0.18-0.90) |(-0.07-0.93) | (0.31-1.23)

Ranges presented for XRFs denpnstrating significant variability between different instrunents.

were very small. For the MAP-3, the control block result

bi ases were generally of the sane sign, positive or negative,
as the field sanple result biases, but the magnitudes were
very different. For the Mcrolead I, sporadic agreenent

exi sted between control block and field sanple result biases.
For exanple, the control block results showed negative bias
on netal, while the field sanple results showed a positive
bias on the sane substrate. For the XK-3, the control block
result biases usually tracked the field sanple result biases.
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Tabl e 5. Bias at 0.0 ng/cn?f and 1.0 ng/cnt Lead for One Noninal 15-Second
Readi ng on Control Blocks for K-Shell XRF Instrunments, by

Substrate.
LEAD ANALYZER MAP- 3 M CROLEAD | XK- 3
K- SHELL K- SHELL
SUBSTRATE
0.0 1.0 0.0 ng/cnf|1.0 ng/cnt 0.0 1.0 0.0 1.0
ng/ cn? ng/ cn? ng/ cn? ng/ cn? ng/ cn? ng/ cn?
Brick 0. 05 0. 08 -1.18 -0.05 0. 47 0. 45 0. 97 1.10
(-0.10-0.51) | (-0.31-0.54)
Concrete |[-0.01 0. 06 -1.20 -0.18 0. 57 0.70 0. 89 1.00
(0.15-1.43) [(0.25-1.59)
Drywal | -0.01 0. 06 -0.10 0.04 0. 03 0.12 0.17 0. 48
(-0.62-0.14) |[(-0.56-0.18)
Met al -0.01 0.11 0. 23 0.18 -0.34 -0.35 1.10 1.34
(-0.82-2.25) |[(-0.84-2.00)
Pl ast er -0.03 0. 05 -1.38 -0.64 0. 45 0. 40 0. 83 0. 83
(0.06-1.13) [(0.09-1.02)
Wood -0.00 0.04 -0.27 -0.14 0.15 0.18 0. 25 0. 49
(-0.22-1.57) |[(-0.05-1.47)
Ranges presented for XRFs denpnstrating significant variability between different instrunents.

3. Wth the exception of the XL prototype, test results using
L-shell instrunments exhibited | arge negative biases at the
1.0 ng/cnf threshold. However, test results using L-shel
instrunments were | ess variable than results obtained using
K-shel |l instrunents.

Tabl e 6 shows estinmated biases of field sanple results using
L-shell instrunents at 0.0 ng/cnf and 1.0 ng/cnf. The
instrunents' results show little bias at 0.0 ny/cnt.

However, | arge negative biases, typically between -0.7 and
-0.9 ng/cnf, at 1.0 ng/cnf | ead, are shown for all L-shel
instrunments' results except those obtained using the XL.

St andard devi ati ons were usually 0.2 ng/cnf or less for
field sanple test results at both 0.0 and 1.0 ng/cnt | ead,
al t hough the MAP-3's L-shell results showed slightly higher
variability than this on netal. Variability of contro
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bl ock results was significantly lower for all L-shell
instrunments conpared to K-shell instrunents' results.

24



Tabl e 6. Bias at 0.0 ng/cn?f and 1.0 ng/cnt Lead for One Noninal 15-Second

Readi ng for L-Shell XRF Instrunments, by Substrate.

LEAD ANALYZER MAP- 3
L- SHELL L- SHELL XL X- MET 880
SUBSTRATE

0.0 ng/cnt|1.0 ng/cnt 0.0 1.0 0.0 1.0 0.0 1.0
ng/ cn? ng/ cn? ng/ cn? ng/ cn? ng/ cn? ng/ cn?
Brick 0.01 -0.77 0.01 | -0.88 0.11 -0.40 0. 03 -0.74
Concrete 0.01 -0.84 -0.14 | -0.94 0. 07 -0.15 0. 05 -0.89
Drywal | -0.01 -0.70 -0.12 | -0.62 0. 08 -0.63 0.04 -0.74
Met al 0.01 | -0.79 | 0.04 | -0.69 | 0.07 | -0.10 | 0.11 -0.77
Pl ast er 0. 002 -0.80 -0.12 | -0.96 0. 08 -0.26 0. 05 -0.88
Wood -0.02 -0.74 -0.08 | -0.65 0. 06 -0.30 0.04 -0.70

The XL results showed smaller biases at 1.0 ng/cnt than
results of the other L-shell instrunments, but still showed
| ar ge negative biases at higher |ead |evels.

Bi ases of the XL's results at 1.0 ng/cnt | ead range from
-0.10 to -0.63 ng/cnt. There was sone variation in bias
between different XL machines on netal and wood at 1.0
ng/ cnt.  The instrunment's results showed | arge negative
bi ases at higher lead |evels. For exanple, it read 1.0
ng/ cnt or less on 26% of the sanples with lead | evels of
10.0 ng/cnt or greater. The XL instrunents used in this
study were prototype nodels.

Substrate correction obtained using readings for NI ST SRM
paint filns placed on test |ocation areas scraped bare of
pai nt reduced bias for results using the Mcrolead | and the
XK-3, and for the MAP-3 K-shell instrunent results on netal
and wood substrates. The already | ow bias of the Lead

Anal yzer's K-shell results was unchanged.
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Two net hods of substrate correction using N ST SRM pai nt
films placed on the bare substrate were analyzed. 1In the
first method, called "full" correction, readings were taken
at each individual test location after the NI ST SRM pai nt
filmwas placed on the bare area of the substrate. These
readi ngs provided an offset value used to correct the paint
sanpl e readi ngs taken at that | ocation. The second nethod,
call ed "average" correction, used the average of al

readi ngs taken after the NIST SRM paint fil mwas placed on
the bare area at test |ocations of the sane substrate in the
entire dwelling unit. These average readi ngs provi ded an
of fset value used to correct paint sanple readi ngs taken on
the same substrate in a dwelling unit. Full correction is
not a practical nethod, while average correction

approxi mates the nethod reconmended in the 1990 HUD

Gui delines. The two nethods were found to give

approxi mately the sane results.

Wth the exception of the XK-3 and the MAP-3 on sone
substrates, substrate correction using readings for NI ST SRM
paint filnms placed on control blocks of substrate materials
brought to the site was not effective in reducing biases of
K-shell readings attributable to substrates.

A third nmethod of correcting for bias attributable to
substrates, called "control block"” correction, used the
average of readings taken on control blocks after the SRM
paint filmwas placed on the control block. These average
readi ngs provided an offset value used to correct paint
sanpl e readi ngs taken on the sane substrate. Control bl ock
correction was not a generally effective technique to detect
| ocati on-dependent substrate characteristics which cause the
results to show bias. An exception was the XK-3 instrunent.
This instrunent's results typically exhibited positive bias
whi ch was reduced significantly by control block correction.
For the MAP-3, control block correction was sonewhat
effective in reducing bias for plaster, concrete, and netal.
For the Mcrolead I, control block correction actually

i ncreased bias for netal and pl aster.
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No net hod of substrate correction reduced the bias of
L-shel | readi ngs.

Nei t her the use of control blocks nor readi ngs taken after
pl acing NI ST SRM paint filnms on scraped substrates was
effective in reducing the biases in L-shell readings. This
i s because L-shell result bias is caused by difficulty in
detecting | ead in deeper |ayers of paint, which was not
simul ated by usage of the NIST SRM paint fil ns.

Despite the generally high variability and bias of their
results, K-shell XRF instrunents reliably classified the
paint sanples in this study using the federal threshold of
1.0 ng/cnf, with |aboratory confirmation of XRF readi ngs
between 0.4 and 1.6 ng/cnf and correction of biases
attributable to substrates as needed.

Classify a paint sanple as positive if the first 15-second
(nom nal ) K-shell XRF reading (substrate corrected as
appropriate) taken on paint is 1.6 ng/cnf or greater, as
negative if the reading is 0.4 ng/cntf or |less; otherw se the
paint sanple is classified as inconclusive. Inconclusive
readi ngs are to be resolved by | aboratory analysis. Using
the |1 CP spectroscopic analysis of the paint sanple to
determ ne whether the lead | evel was actually greater than
or equal to 1.0 ng/cnt, the overall false positive, false
negati ve and inconclusive rates for the K-shell XRF
instrunents are shown in Table 7. Wth the exception of the
XK-3 false positive rate, all error rates were bel ow 10%
The fal se positive rate for the XK-3 was dramatically
reduced by either nethod of substrate correction. For each
substrate type, nost error rates were still below 10% The
exceptions were MAP-3 fal se negative rates on concrete and
pl aster, the Mcrolead | false positive rate on wood, and
the XK-3 false negative rate on netal. It is inportant to
remenber that these classification results apply strictly
only to the set of sanples and instrunents in this study.
Classification results for a different set of sanples or
instrunments could be different.
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Table 7. Fal se Positive, False Negative and |nconcl usive Percentages for

K-Shel | XRF | nstrunents,

Based on One Nom nal

15- Second Readi ng

Wth an | NCONCLUSI VE RANGE OF 0.4 - 1.6 nmg/cnf (1.0 ng/cn?

Threshol d) .
I NSTRUVENT FALSE POSI Tl VE | FALSE NEGATI VE | | NCONCLUSI VE
PERCENTAGE PERCENTAGE PERCENTAGE
Lead Anal yzer K-shell 0.5% 1. 4% 18%
MAP- 3 K- shel | 2.3% 3. 7% 23%
M crol ead | 7.5% 1.1% 30%
XK- 3 22% 1.1% 35%
XK-3 (Average Corrected) 2.3% 4. 2% 25%
XK-3 (Control Bl ock Corrected) 3.5% 4. 0% 25%
9. When the | aboratory confirmation range was narrowed to 0.7

to 1.3 nyg/cnf, thereby substantially reducing the
i nconcl usi ve percent ages,
to reliably classify paint sanples in this study.

t he K-shell

i nstruments conti nued

Table 8 shows sinmlar data to Table 7 with the narrower

i nconcl usi ve range.

Results of the Mcrol ead |

and the XK-3

bot h needed substrate correction to achi eve satisfactory

fal se positive rates.

on netal and pl aster,

For
were generally bel ow 10%

negati ve rates on concrete and pl aster,
fal se negative rate on concrete,

each substrate type,
The exceptions were MAP-3 fal se
the Mcrolead |

XK-3 fal se negative rates
and the XK-3 false positive rate on

error rates

concrete. Inconclusive percentages are reduced by at | east
50% for all XRF instruments conpared to the inconclusive

per cent ages when cl assifying paint sanples using the 0.4 -
1.6 ny/cnt i nconcl usive range.
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Tabl e 8. Fal se Positive, False Negative and |nconcl usive Percentages for

K- Shel | XRF Instrunents, Based on One Noni nal 15-Second Reading
Wth an | NCONCLUSI VE RANGE OF 0.7 - 1.3 nmg/cnf (1.0 ng/cn?

Threshol d) .
I NSTRUVENT FALSE POSI Tl VE|FALSE NEGATI VE| | NCONCLUSI VE
PERCENTAGE PERCENTAGE PERCENTAGE
Lead Anal yzer K-shell 1.2% 2. 7% 6. 0%
MAP- 3 K- shel | 4. 1% 4. 6% 11%
M crol ead | 12% 2.1% 15%
M crolead | (Average Corrected) 4. 9% 5.3% 12%
XK- 3 30% 1. 7% 17%
XK-3 (Average Corrected) 5.5% 6. 6% 12%
XK-3 (Control Bl ock Corrected) 6. 5% 6. 8% 12%
10. Wthout a l|aboratory confimtion range, the K-shel

i nstrunments' performance differed when cl assifying paint
sanples in this study using the federal threshold of 1.0
ng/ cnt.

Based on readi ngs obtained using the K-shell instrunents,
pai nt sanples were classified as positive if the XRF reading
was 1.0 ng/cnt or higher and negative otherw se. There was
no i nconclusive range. False positive and fal se negative

rates for the K-shell instruments' results are shown in
Table 9. As expected, these rates are higher than when
i nconcl usi ve ranges were used, but still no greater than 11%

overall when substrate correction nethods are enpl oyed as
needed. False positive and fal se negative rates for

readi ngs on particul ar substrates were substantially higher
than the overall rates as exenplified by the follow ng
ranges. For all of the K-shell instrunments, the |owest

fal se positive or fal se negative rate on a particul ar
substrate was |l ess than 2.0% However, on the high end, the
Lead Analyzer's fal se negative rate on concrete was 11% the
MAP-3's fal se negative rate on concrete was 24% the
Mcrolead |I's false positive rate on wood was 26% and the
XK-3'"s false positive rate on concrete was 66%
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Tabl e 9. Fal se Positive and Fal se Negative Percentages for K-Shell XRF

I nstrunents, Based on One Noninal 15-Second Reading Wth NO
| NCONCLUSI VE RANGE (1.0 ng/cnt Threshol d).

I NSTRUVENT FALSE POSI TI VE FALSE NEGATI VE
PERCENTAGE PERCENTAGE

Lead Anal yzer K-shell 3.1% 5.9%
MAP- 3 K- shel | 8. 0% 8. 3%
M crol ead | 20% 3. 8%
M crolead | (Average Corrected) 9% 9%

XK- 3 40% 3. 6%
XK-3 (Average Corrected) 11% 10%
XK-3 (Control Bl ock Corrected) 11% 11%

11. Wth the exception of the XL, L-shell instrunments perforned

poorly when classifying paint using the 1.0 ng/cn?f
t hreshol d, because of a high rate of fal se negative results.

Tabl e 10 shows fal se positive, false negative and

i nconcl usi ve percentages for tests using L-shell instrunents
and an inconclusive range of 0.4 to 1.6 ng/cnf. Wth the
exception of the XL, the fal se negative rates for the
L-shell instrunments' results were very high, due to the

| ar ge negative biases shown in the results using these
instrunments. False positive rates were very |low for al
L-shell instruments' results.

Tabl e 10. Fal se Positive, False Negative and |nconcl usive Percentages for

L- Shel |l XRF Instrunents, Based on One Nominal 15-Second Reading
with an | NCONCLUSI VE RANGE OF 0.4 - 1.6 nmg/cnf (1.0 ng/cnt

Threshol d).
I NSTRUVENT FALSE POSI Tl VE | FALSE NEGATI VE I NCONCLUSI VE
PERCENTAGE PERCENTAGE PERCENTAGE
Lead Anal yzer L-shell 0. 0% 66% 6%
MAP- 3 L-shel | 0. 0% 37% 12%
XL 0.1% 11% 15%
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" X- MET 880 0. 0% 66% 7% "

12.

13.

Al though the XL prototype had a |ower rate of fal se negative
results than the other L-shell instrunents, it stil
exhi bited fal se negative results at very high | ead | evels.

As shown in Table 10, the XL had a fal se negative rate of
approximately 11% and a fal se positive rate of 0.1% using an
i nconcl usive range of 0.4 to 1.6 ng/cnf. However, of the 38
i nstances where the | CP neasurenent exceeded 10 ng/cnf, 2 of
the XL readi ngs were below 0.4 ng/cnf and one was equal to
0.4 ng/cnf. 1In all 3 cases, a paint sanple with an ICP
result above 10 ng/cnf was cl assified as negative for |ead-
based paint. Wth a narrower inconclusive range of 0.7 to
1.3 ny/cnt, the XL had an overall false negative rate of
24. 1% and a 0.2% fal se positive rate. Cdassifying the XL
results w thout an inconclusive range yielded a 41.8%fal se
negative rate and a 0.5%fal se positive rate.

CGenerally, a single XRF reading at one point of an
architectural conponent provided al nost as nuch accuracy as
an average of three XRF readings at the same point.

When paint sanples were classified as positive for XRF
results 1.6 ng/cnf or greater, negative for XRF results 0.4
ng/ cnt or less, or inconclusive, otherwise, and the results
were conpared to the lead | evel obtained fromthe | CP
spectroscopi c analysis of the paint sanple, there was very
little difference in the false positive and fal se negative
rates for the average of three 15-second readi ngs versus a
singl e 15-second reading. The small inprovenent in
classification accuracy did not justify the additional tinme
and expense of taking three readings at the sanme point.
This remai ned true when substrate correction and different
i nconcl usi ve ranges were enpl oyed.

A simlar conclusion was reached when the precision of the
average of three 15-second readi ngs, as neasured by its
standard devi ati on, was conpared to that of a single
reading. |If the three readings were statistically

i ndependent, one woul d expect the standard deviation of the
average to be 58% of the standard deviation of a single
readi ng. However, it was found that the standard devi ation
of the average was nuch greater than this. For L-shel

31



3.3

instrunents, the standard deviation of the average was
typically at | east 95% of the standard deviation of a single
readi ng. For K-shell instrunents, the standard devi ation of
the average was typically between 76% and 93% of the
standard devi ati on of a single reading.

There are two reasons why taking the average of three

readi ngs did not produce the expected gains in precision.
First, with the exception of the MAP-3 K-shell instrunent's
readi ngs, successive readings at the sane point were
positively correlated. Thus, the reduction in variability
from averagi ng repeat readi ngs was | ess than woul d be
achieved if successive readings had been statistically

i ndependent. The second reason why the average produced a
smal l er reduction in variability than expected is that
repeated readi ngs reduced only the conponent of variability
due solely to the performance of the instrunent. The study
data clearly denonstrated that there were additional sources
of variability that were generally at |east as |large as the
conponent due to the performance of the XRF instrunent.
Taki ng repeated readi ngs does not reduce the variability due
to these other sources. The additional variability was due
to location-specific factors, such as paint and substrate
conposi tion.

CHEM CAL TEST KITS

None of the test kits used in this study denonstrated | ow
rates of both false positive and fal se negative results when
conpared to | aboratory analytical results using the federal
thresholds, 1.0 ng/cnt and 0.5%

Tabl e 11 shows overall false positive and fal se negative
rates for the test kits conpared to | aboratory anal ytical
results using the 1.0 ng/cnf threshold. Table 12 shows the
corresponding rates for the 0.5%threshold. Rates for the
Lead Alert kits exclude results of tests on painted plaster
substrates since the manufacturer does not recomrend use of
these kits on plaster. For the 1.0 ng/cnf threshold, State
Sodi um Sul fi de and LeadCheck had | ow fal se negative rates,
but high false positive rates. Lead Alert: Sanding had a
| ow fal se positive rate, but a high false negative rate.
The other three kits tested, Lead Zone, Lead Detective, and

32



Lead Alert: Coring, had noderate to high rates of both

fal se positive and fal se negative results. For the 0.5%
threshold, State Sodium Sulfide had a | ow fal se negative
rate and Lead Alert: Sanding had a |ow fal se positive rate.
Fal se negative rates for LeadCheck and fal se positive rates
for Lead Alert: Coring were slightly above 10% Lead Zone
and Lead Detective had high rates of both false positive and
fal se negative results. As was pointed out for XRFs, it is
inportant to renenber that these classification results
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Table 11. Overall False Positive and Fal se Negative Rates for Test Kits
Conpared to Laboratory Analytical Results Using the 1.0 ng/cn?

Threshol d.
TEST KIT FALSE POSI TI VE FALSE NEGATI VE
PERCENTAGE PERCENTAGE
LeadCheck 46% 6%
Lead Alert: Coring 15% 24%
Lead Alert: Sanding 9% 53%
Lead Detective 36% 23%
Lead Zone 28% 14%
State Sodi um Sul fide 65% 1%
Tabl e 12. Overall False Positive and Fal se Negative Rates for Test Kits
Conpared to Laboratory Analytical Results Using the 0.5%
Threshol d.
TEST KIT FALSE POSI TI VE FALSE NEGATI VE
PERCENTAGE PERCENTAGE
LeadCheck 42% 11%
Lead Alert: Coring 11% 36%
Lead Alert: Sanding 10% 67%
Lead Detective 32% 27%
Lead Zone 25% 25%
State Sodi um Sul fide 62% 6%

apply strictly only to the set of sanples and kits in this
study. Cassification results for a different set of
sanples or kits could be different.

2. The substrate underlying the paint sonetines affected fal se
positive and fal se negative rates for test kits.

LeadCheck: For both federal thresholds, the false positive
rate on drywall was considerably |ower than on the other
five substrates. False negative rates in ng/cnf on concrete
and plaster were higher than on the other substrates. For
percent by weight, fal se negative rates were higher on
concrete, drywall, netal, and plaster than on brick and
wood. Sone of these differences in false negative rates may
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be caused by sulfates found in plaster dust, gypsum and
stucco. The kit includes a confirmation procedure to guard
agai nst fal se negative results caused by sulfates.

Lead Alert: Coring: The manufacturer states that this kit
is prone to negative interferences from gypsum and pl aster
dust. Hi gh false negative rates were observed on pl aster
and drywal|l for percent |ead by wei ght neasurenents and on
pl aster for ng/cnt neasurenents. However, the sanple size
for drywall was very small. False negative rates on brick
were much | ower than on the other substrates for both types
of nmeasurenents. For ng/cnt measurenents, false positive
rates were | owest on plaster and drywall substrates, and

hi ghest on brick. For percent |ead by wei ght neasurenents,
fal se positive rates were | owest on drywall, plaster, and
wood substrates, and hi ghest on brick.

Lead Alert: Sanding: This kit had a very simlar pattern
to Lead Alert: Coring with high false negative rates on

pl aster and drywall, and the highest fal se positive rate on
bri ck.

Lead Detective: The manufacturer does not recommend use on
nmetal , but does recommend application on wood, drywall, and
pl aster. False positive rates were consistent for both
types of nmeasurenents on all substrates except brick, which
had a higher false positive rate. False negative rates were
| onest on wood and hi ghest on brick and concrete substrates.
(Results were observed showi ng that drywall had the hi ghest
fal se negative rate for percent |ead by weight units, but
the sanple size was very snmall.) Thus, this kit did not
perform nuch better on wood, plaster, and drywall than on
metal so that the manufacturer's reconmendati ons were not
borne out by the study data.

Lead Zone: The manufacturer's instructions only nention
testing on wood and netal. False positive rates were the
same on all substrates for both types of neasurenents.

Fal se negative rates were | ower on brick, wood, and
concrete, and higher on the other substrates. The false
negative rate on netal was the highest of all substrates
usi ng percent |ead by wei ght neasurenents. The

manuf acturer's instructions do not include nention of using
this kit on substrates where it perforned simlarly to its
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performance on wood, but do nention its use on netal, where
its false negative rate was substantially larger than its
fal se negative rate on wood.

State Sodium Sul fide: The instructions contain a caution
not to test directly on netal. For netal substrates, a
pai nt chip can be renoved and tested separate fromthe
substrate. This kit had very high fal se positive rates for
both types of neasurenents on all substrates except drywall
Fal se negative rates were low on all substrates for ng/cnt
measurenents. For percent |ead by weight neasurenents, this
kit had higher fal se negative rates on netal, plaster, and
drywal | than on the other substrates.

3. The probability of a positive classification when the
sanple's lead | evel was equal to the federal threshol ds
vari ed depending on the kit and substrate. Hi gh |evels of
| ead woul d not al ways be detected using test kits al one.

Tabl e 13 shows the probability of a positive result using a
test kit on paint with a lead |level equal to the 1.0 ny/cnt
federal threshold, as estimated fromthe statistical node
devel oped in this study. Table 14 is the conpanion table
for the other federal threshold of 0.5% by weight.

Consi derabl e variation anong results for each kit and each
substrate is seen in the tables.

Hi gh I evels of |ead were not always detected with conplete
certainty using test kits. The statistical nodel estimted
the limting probability of a positive test kit result at
hi gh levels of lead using the | aboratory |ICP spectroscopic
results reported in ng/cnf units. In a nunber of cases, the
[imting probability was nmuch | ower than the desired val ue
of 100% This occurred for four of the six kits: Lead
Alert: Coring on netal; Lead Alert: Sanding on concrete,
metal, and wood; Lead Detective on concrete, netal, and

pl aster; and Lead Zone on plaster.

Tabl e 13. Probability of a Positive Test Kit Result at 1.0 ng/cnf Lead.

TEST KIT Brick | Concrete Dr ywal | Met al Pl ast er Whod
LeadCheck 0. 95 0. 69 0. 49 0.93 0. 69 0.91
Lead Alert: Coring 0.93 0. 27 N A 0. 66 N A 0.57
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Lead Alert: Sanding N A 0. 50 N A 0. 39 N A 0. 02
Lead Detective 0.81 0. 58 0. 34 0.74 0.51 0.78
Lead Zone 0. 82 0.27 0. 64 0. 59 0. 55 0. 80

State Sodi um Sul fide 0. 99 0. 95 0. 68 0.94 0. 95 0. 95
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Tabl e 14. Probability of a Positive Test Kit Result at 0.5% Lead.

TEST KIT Brick | Concrete Dr ywal | Met al Pl ast er Whod
LeadCheck 0. 95 0. 68 0.48 0. 62 0. 68 0. 83

Lead Alert: Coring 0.73 0.23 N A 0. 26 N A 0.28
Lead Alert: Sanding N A 0.13 N A 0. 05 N A 0. 03
Lead Detective 0. 80 0. 55 0.31 0.43 0. 46 0. 58
Lead Zone 0.81 0.51 0. 55 0.19 0. 53 0. 62
State Sodium Sul fide | 0.998 0. 93 0.59 0. 83 0.91 0. 87

The |l ead | evel at which there was a 50% chance of the
occurrence of a positive test kit result varied depending on
the kit and substrate. |In many cases, positive results
occurred even when paint with very low |lead | evel s was

t est ed.

Tabl e 15 shows the | ead | evel in ng/cnf at which each kit
had an estimated 50% probability of a positive result, by
substrate. Table 16 is the conpanion table in percent |ead
by wei ght neasurenents. There was significant variation in
50% probability levels for different kits used on the sane
substrate. There was also significant variation in the 50%
probability levels for the sanme kit used on different
substrates. One exception, the State Sodium Sul fide kit,
reached a 50% probability of a positive result at |ow | ead

| evel s on all substrates for both types of neasurenents.

The statistical nodel used to analyze the test kit data al so
provided estimates of the Iimting probability of a positive
result as the lead level in the paint sanple approached zero
using the | aboratory | CP spectroscopic results reported in
ng/cnt units. It is desirable that this limting
probability be zero; otherwise, the kit will produce sone
positive results even for paint sanples with very |ow | ead

| evel s. However, every kit exhibited a non-zero limting
probability of a positive result on at |east one substrate.
This occurred on netal substrates for all six kits. Wth
the sodiumsulfide kits, Lead Detective and State Sodi um

Sul fide, nost substrates had a non-zero |imting probability
of a positive result. For the other 4 test kits, limting
probabilities of a positive result equal ed or exceeded 20%
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for LeadCheck on netal and plaster, Lead Alert: Coring on
brick, and Lead Zone on concrete. For LeadCheck, Lead
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Tabl e 15. Lead Level in ng/cnt at Wich There is a 50% Probability of a
Positive Test Kit Result.

TEST KIT Brick | Concrete Dr ywal | Vet al Pl ast er Whod
LeadCheck 0. 02 0.19 1.14 0. 34 0.13 0. 03

Lead Alert: Coring 0. 33 1.84 N A 0. 65 N A 0.77
Lead Alert: Sanding N A N A N A N A N A 1.24
Lead Detective 0. 05 0. 60 N A 0. 55 0. 98 0. 20
Lead Zone 0. 08 1.38 0.31 0. 82 0.71 0.15
State Sodium Sul fide | 0.01 0.01 0. 08 0. 08 0. 02 0. 04

Tabl e 16. Lead Level in Percent Lead by Weight at Which There is a 50%
Probability of a Positive Test Kit Result.

TEST KIT Brick | Concrete Dr ywal | Vet al Pl ast er Whod
LeadCheck 0. 02 0. 16 0. 56 0. 32 0. 14 0. 07

Lead Alert: Coring 0.13 1.14 N A 1.09 N A 0. 97
Lead Alert: Sanding N A 0. 88 N A N A N A 1.68
Lead Detective 0.01 0. 33 N A 0.63 0. 58 0. 36
Lead Zone 0. 07 0. 49 0. 35 1.03 0. 44 0. 26
State Sodium Sul fide | 0.01 0.01 0.13 0. 08 0. 02 0. 09

Detective and State Sodium Sulfide, limting probabilities
for the wood substrate were positive.

3.4 PAINT CH P SAMPLI NG AND ANALYSI S

1. Lead level s in paint showed significant variation within
i ndi vidual architectural conponents such as doors, walls,
and baseboar ds.

Dupl i cate paint sanples were taken approxi mtely 9 inches
apart on the sanme conponent at 10% of the test locations in
the full study in Denver and Phil adel phia. Duplicate paint
sanpl es taken fromthe sane conponent were call ed duplicate
pairs. The estimated nedian ratio of the larger to the
smal l er | CP spectroscopic result, neasured in ng/cnf, for
duplicate pairs was 1.6 in Denver and 1.3 in Phil adel phi a.
The correspondi ng nedi an ratios for percent |ead by wei ght
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units were 1.5 and 1.2. The estinmated 95th percentile for
the ratio in ng/cnf was 3.7 in Denver and 2.1 in

Phi | adel phia. The corresponding 95th percentile ratios for
percent |ead by weight units were 3.1 and 1.9. There was
slightly greater variability in lead |evels within
architectural conmponents when neasured in ng/cnf than in
percent |ead by weight. The extent to which greater
variability woul d be observed between sanpl es taken farther
apart than 9 inches is not addressed by the study dat a.

Variability in duplicate sanples could result in different
classification of paint depending on which nenber of the
pair was conpared to the federal threshold. |If the |ead

| evel of a paint sanple was equal to or greater than the
federal threshold, it was classified as positive for |ead-
based paint. Likewise, if the sanple was |ess than the
federal threshold, then it was classified as negative. O
128 total duplicate pairs in the study, 10 (8% had
different classifications, one sanple positive and the other
negative for |ead, conpared to the 1.0 ng/cnt threshold,
while 8 (6% had different classifications conpared to the
0.5% t hreshol d.

Spatial variation in |lead levels within single architectura
conponents conplicated the statistical analysis of XRF and
test kit performance data in the study. Conplex statistical
nodel s were needed to account for the inpact of spatial
variation on estimtes of XRF neasurenent bias and standard
deviation. Spatial variation had a smaller inpact on the
test kit data anal ysis.

Vari ati on between nmenbers of | aboratory duplicate subsanple
pairs was nmuch smaller than variation between nenbers of
duplicate sanples obtained in the field.

Laboratory anal ytical neasurenent error for |ICP
spectroscopic analysis of 2 x 2 inch paint chip sanples,

i ncl udi ng honogeni zati on, subsanpling and instrunental
error, can be quantified using the ratio of the larger to
the snmaller ICP neasurenent for a pair of subsanples of the
sane sanple. The estinmated nedian for this error ratio was
1. 13 for sanples taken fromsnooth substrates with no
unusual difficulty in paint renoval. The estimted 95th
percentile for the error ratio was 1.4. These ratios apply
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to |aboratory results reported in both in ny/cnf and percent
| ead by weight units.

Laborat ory neasurenent error was approxi mately constant
across netal, wood, plaster, and drywall substrates, across
cities, and across sanples within a substrate or within a
city. For sanples taken on rough substrates such as brick
or concrete, total |aboratory analytical neasurenent error
was higher: the estimated nedian ratio was 1.2 and the
estimated 95th percentile ratio was 1. 8.

Only two | aboratory duplicate pairs out of a total of 171
(19 had different classifications, one of the pair positive
and one negative, with respect to the 1.0 ng/cnt threshol d.
For the 0.5%threshold, three subsanple pairs out of 171
(29 had different classifications.
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